Exploring the effects of dimensionality on the optical, electrical, and chemical properties of materials remains a longstanding theme in nanoscience. Beginning with early work on zero-dimensional (0D) colloidal semiconductors and C60 and subsequent work on one-dimensional (1D) nanowires and carbon nanotubes, the field has most recently seen the rise of two-dimensional (2D) materials. The prototypical example is graphene, a material one carbon atom thick and whose discovery resulted in the 2010 Nobel Prize in Physics for Andre Geim and Konstantin Novoselov. Since then, a flurry of activity has focused on searching for new 2D materials beyond graphene that possess properties suitable for applications.
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In their Perspective, Cotlet and co-workers discuss emerging work on hybrid 2D materials that possess properties uniquely suited to applications in optical detection, light-to-energy conversion, and storage. These hybrid systems consist of 2D materials functionalized with other low-dimensional nanostructures such as 0D quantum dots. Synergistic properties of both materials enhance the applicability of the composite beyond a sum of parts. However, key to the successful realization of hybrid 2D materials is the careful tailoring of interfacial charge and energy transfer interactions. Cotlet and co-workers thus summarize in their Perspective recent research focused on deliberately engineering the interface between 2D materials and other nanostructures so as to achieve efficient and controllable charge and energy transfer interactions. Over the past decade, there has been a wealth of research focused on developing electrocatalysts for fuel cells, electrolyzers, and electrofuels applications, including electrocatalysts for hydrogen oxidation, oxygen reduction, carbon dioxide reduction, oxygen evolution, hydrogen evolution, and nitrogen reduction. These electrocatalysts all catalyze challenging multielectron and multiproton reactions. Interestingly, these are also reactions that metalloenzymes catalyze (e.g., hydrogenase catalyzes hydrogen oxidation, laccase catalyzes oxygen reduction, and nitrogenase catalyzes nitrogen reduction) in living organisms. This interesting Perspective focuses on the lessons that can be learned from metalloenzymes and how enzyme engineering and bioinspiration can help improve the catalytic performance of these catalysts. For each chemical transformation (e.g., oxygen reduction) discussed, this Perspective compares and contrasts the use of mutagenesis of natural biological catalysts with the synthesis of bioinspired systems. The Perspective takes a molecular approach to the design of next-generation biological and bioinspired catalysts but also does a fantastic job of discussing the future issues of translating biological and bioinspired catalysts to industrial applications, including the two large challenges of instability and heterogenizing molecular catalysts. Shelley Minteer, EAB Member, ACS Energy Letters Many enzymes catalyze reactions with remarkable rate and product selectivity, at modest reaction free energies. The active sites of metalloenzymes have therefore served as inspiration for designing a large number of small inorganic complexes as catalysts, most notably for chemical energy conversion reactions. Catalyst design has mostly focused on the essential characteristics of the first coordination sphere of ligands around the metal center(s). In their Perspective, Ms. Jennifer Le and Prof. Kara Bren of University of Rochester discuss the importance of the second coordination sphere around the metal center, exemplified by work on modified proteins and small, synthetic molecular complexes for catalytic water splitting and CO 2 reduction, as well as their respective reverse reactions. The examples involve details far beyond the basic textbook idea of a catalyst's role in stabilizing the transition state relative to the reactants. The second and outer coordination sphere effects may not only tune the electronic effects of the metal center but also control substrate and product access and release. It may, e.g., restrict active site conformations to suppress side reactions, strengthen binding and activation of the substrate, and protect the active site from degradation. It may also facilitate proton transfer reactions that are coupled to the redox reactions and are crucial to rapid and selective substrate conversion. The idea behind the approach discussed is to retain essential functions of the natural protein but reduce the size and complexity. This leads to important fundamental and mechanistic understanding. Toward meeting our urgent demand for green energy, nobody would argue that solar cells are the most promising technology. Nobody would argue either that among different types of solar cells organic−inorganic hybrid perovskite solar cells (PSCs) are now drawing the greatest attention of the scientific community of solar cells. With an ever-increasing power conversion efficiency (since their emergence in 2009) reaching 24% in 2019, their efficiency is close to the highest value (26.7%) reported for single-junction crystalline Si solar cells (https:// www.nrel.gov/pv/cell-efficiency.html). In this area, however, there is a so-far largely underexplored, serious issue even though most researchers have been well aware of it since the very beginning; i.e., the best-performing PSCs contain toxic Pb. Only a small number of groups are devoting great efforts toward making high-efficiency, stable Pb-free PSCs, which indeed represents a very important research topic and which, once realized, can largely facilitate the ultimate transfer of perovskite solar technology from the laboratory to market. In their Perspective, Diau et al., provide a well-organized review of the recent progress of tin (Sn)-based PSCs from 2014 until the present and a critical analysis of the opportunities, challenges, and strategies related to these PSCs. It is known that Sn has been identified as the most promising candidate to replace Pb in PSCs. The easy oxidation of Sn 2+ to Sn 4+ , however, causes poor materials stability and device durability, which constitutes a key challenge for PSCs, with another challenge being a largely reduced power conversion efficiency as compared to their Pbcontaining counterparts. The authors start with a very good summary of the performance progress for normal (n−i−p) and inverted (p−i−n) Sn-based PSCs in the past 6 years, with important manipulating factors, like the type of cations, highlighted. They then present and discuss three major strategies for addressing the challenges of stability and efficiency. It is clear that Sn-based PSCs bring a new prospective to PSCs, although much work remains to be done. This current Perspective offers fundamentally important knowledge, which can be quite helpful for researchers interested in working on Snbased PSCs. Dongling Ma, EAB Member, ACS Energy Letters Masaru Kuno, EAB, ACS Energy Letters
